We try to answer the question through another way-determination of Sm-Nd isotopic composition on sedimentary rocks formed in different periods. Because Sm and Nd are both rare earth elements and differ only by two atomic numbers, their geochemical behaviors are very similar during precipitation and metamorphic processes (DePaolo and Wasserburg, 1976) . Although fractionation between Sm and Nd took place due to anatexis from mafic to felsic rocks in crust (Chen and Yang, 1997a) and selective adsorption for Sm and Nd to clay minerals during precipitation and diagenesis processes (Shen et al., 1998) , generally the processes would make Nd model ages of sedimentary rocks younger than their provenances' (Nelson and DePaolo, 1985; Chen and Yang, 1997b) . Therefore, Nd model ages of clastic sedimentary rocks indicate the minimum average Nd model age of their provenance crust. The variation of Sm-Nd isotopic compositions in sedimentary rocks located at geotectonically conjunctional belt may indicate evolution of their provenance as well as regional crust.
INTRODUCTION
How old is the northwestern Yangtze Craton? The basement and relevant rocks from the region have been examined from their age data. The ages are not older than 1300 Ma. For example, ages dated by U-Pb isotopic compositions of zircons from the Kangding complex, northwestern Sichuan province are between 650 and 900 Ma (Xu et al., 1995) . A lot of Rb-Sr whole rock isochron ages are younger than 1300 Ma (Li and Qin, 1988; Wu and Zhang, 1990) . Some ages of 40 Ar are between 740 and 764 Ma (Wang, 1987) . One Nd model age of a hypersthene sample ( 147 Sm/ 144 Nd = 0.1264) separated from the Shaba complex is 1100 Ma (Cong, 1988) . Because the region had experienced strong tectonic movements and most of the basement rocks were metamorphosed (Geological and Mineral Resource Bureau of Sichuan Province, 1991), U-Th-Pb, RbSr, and K-Ar systems and Sm-Nd system of minerals might be reworked during the processes. It is very difficult to judge which ages are correct to represent the formation time of the regional crust.
GEOLOGICAL SETTING
Guangyuan is geotectonically located in the northwestern edge of the Yangtze Craton, north of which is Paleozoic Qinling-Dabie Orogen across Central China, west of which is the GanziSongpan Block (Fig. 1) .
The basement of the Yangtze Craton can be divided into crystalline and folded ones. The crystalline and folded basements are believed to have formed in Archean-Early Paleoproterozoic and Late Paleoproterozoic-Early Mesoproterozoic, respectively based on geological comparisons with other cratons (Geological and Mineral Resource Bureau of Sichuan Province, 1991) . Late Mesoproterozoic to Jurassic sediments had been overlain on the basements in the northwestern Yangtze Craton.
Sinian System (Late Neoproterozoic) was divided into volcanic and volcanic debris formation in lower part and glacial debris in upper part of lower series, clastic formation in lower part and carbonate formation in upper part of upper series.
Cambrian System belongs to association of platform type. Lower series is consisted of carbonate and silicalite. Middle and upper strata are composed of carbonates.
Lithology of Ordovician System is very similar to that of Cambrian System. Thickness of the system is less than 1000 m. From west to east clastic component decreases and carbonates increase.
Triassic System distributes widely. Phase transformation is very obvious from west to east. Lower series varies from river tidal flat and then to shallow-sea facies. Surface relief indicates that western part was higher than eastern part paleogeographically. During middle Triassic period the relief reversed due to uplift and enlargement of the Xuefeng Old Land.
Jurassic System was called "Black Jurassic System" in Guangyuan region. In other regions the system was called "Red Jurassic System" (Geological and Mineral Resource Bureau of Sichuan Province, 1991). Thickness of the system is between 1500 m and 3500 m.
The samples of the study were taken from north of Guangyuan town, which include Wugongkou Formation (Z 2w Li and McCulloch, 1996) (Li and McCulloch, 1996) as well as their cited samples; 4: Tongling in intra-Yangtze Craton beside the Yangtze River (Chen et al., 1989) ; 5: Sulu segment (Li et al., 1994) ; 6: the northwestern Yangtze Craton, Guangyuan, Sichuan Province (this paper).
Fig. 1. The sketch map showing main tectonic blocks of China and distribution of samples from the Yangtze Craton for Sm-Nd isotopic analyses (revised after

ANALYTICAL PROCEDURE
Fresh samples were crushed in a pre-cleaned stainless mortar. Crushed fine grains were crushed further to 200 mesh in a cleaned agate mortar. A 0.5 gram of powder sample was put into a Teflon bomb, and 16 ml HF + HNO 3 + HClO 4 (10:5:1) were added to dissolve the sample. After the sample was dissolved completely, the solution was evaporated completely. Then, we dissolved the dried sample with 6N HCl of 25 ml. The solution of each sample was divided into two parts, one of which was used for determination of isotopic ratios of Nd, the other was used for determination of Nd and Sm contents with 146 Nd and 149 Sm spikes by isotopic dilution method, whose analytical precisions are between 2~5‰. Detailed analytical procedures were described by Zhang and Ye (1987) and Ye and Zhang (1990 
RESULTS
Isotopic ratios and contents of Sm and Nd are listed in Table 1 . Calculated ε Nd (0) and ε Nd (t) values are also shown in the Table based on isotopic ratios of the chondrite (Taylor et al., 1984) and ages of strata (Odin, 1994 (Goldstein et al., 1984) are adopted for the calculation of T DM (Nd model age related to depleted mantle). Although Sm and Nd contents vary from 1.48 to 9.82 and 9.50 to 37.1 ppm, respectively, the ratios of 147 Sm/ 144 Nd range from 0.1031 to 0.1441 with an average value of 0.1171, which is consistent with the mean value of worldwide finegrained sedimentary rocks of all ages (Jahn and Condie, 1995) .
DISCUSSION
Average crustal residence age
From Late Sinian to Late Jurassic, Nd model ages (T DM ) of the sedimentary rocks vary between 1.0 and 3.3 Ga. The mean Nd model age is 1.9 Ga.
Nd model ages are older than their depositional ages for all strata (Fig. 2) . But with the strata from old to young, the differences between Nd model ages and ages of strata seem to become larger. Because Nd model ages of sedimentary rocks reflect average crustal residence ages of their source region (Goldstein et al., 1997) , there should exist the crustal parts older and younger than 1.9 Ga. The Nd model ages of 3.3 Ga from one Jurassic sample and 1.0 Ga from one Cambrian sample indicate the existence of the oldest basement and the youngest growth episode in the northwestern Yangtze block.
Growth episodes of the regional crust
Because The ages were cited from Geological Time Scale (Odin, 1994) The Qinling Orogen locates north of the northwestern Yangtze Craton, which formed in the Paleozoic to Mesozoic. Geochemical and geological researches showed the Southern Qinling developed from the Yangtze Craton (Zhang, B. R. et al., 1994; Zhang, 1988) . Sm-Nd isochron data on ophiolites from different localities in the Qinling orogen present the age of ca 1000 Ma (Zhang and Tang, 1998) . Therefore, the Nd model age of 1.0 Ga means an actual growth episode of the regional crust.
We analyzed Sm-Nd isotopic compositions of two samples (leucogranulite and gneiss) from basement rocks of the Southern Qinling. Their Nd model ages are 3.2 Ga, and 3.1 Ga, respectively (Chen et al., 1996) Nd/ 144 Nd to the sample as demonstrated in Fig. 3 . Therefore, 3.3 Ga Nd model ages represent one growth episode of the regional crust certainly. Figure 4 demonstrates histogram of Nd model ages of sedimentary and epimetamorphic rocks from the southern and southeastern margins of the Yangtze Craton (Li and McCulloch, 1996) , the Tongling beside the Yangtze River in intraYangtze Craton (Chen et al., 1989) , and the northern margin of the Yangtze Craton (Li et al., 1994) (McCulloch and Wasserburg, 1978) ; charnockites from Tanzania, and Liberia (2 sets) (Othman et al., 1984) ; quartz diorite gneisses from Hebei, China (3 sets) (Huang et al., 1986) ; Nûk gneisses of West Greenland (6 sets) (Taylor et al., 1984) , and a tonalitic augen gneiss, northern Michigan (Futa, 1981) . The open square shows point of our sample "DCJ-12" (Table 1) with 3.3 Ga Nd model age. The line represents the correlative relation, whose fixed term, regression coefficient, and correlation coefficient are 0.508327, 0.022770, 0.9767, respectively. as well as the northwestern margin (this paper). The mean Nd model age of 82 samples is 1.9 Ga, most (85%) of which distribute between >1.4 Ga and 2.2 Ga.
Sm-Nd isochrons and U-Pb concordia ages of zircons indicate that basement-metamafic rocks of the Qinling Orogen formed at ca. 2.0 Ga (the northern Qinling) Zhang's internal report, 1996) . Hence, 2.0 Ga may also represent a growth episode of the regional crust besides the two episodes of 1.0 Ga and 3.3 Ga. 1.9 Ga of Nd model age was averaged result of the three end-members in the region.
Because the highest initial Nd ratio occurs in the sample of Cambrian, it can be inferred that the tectonic movement in Early Paleozoic was intensive in the northwestern edge of the Yangtze Craton, which led to newly formed the youngest crustal end-member denudated widely. The intensive tectonic movement coincided with subduction of oceanic crust northwards under the northern Qinling (Zhang, B. R. et al., 1994; Zhang, 1988) .
Comparison with Nd model ages of sedimentary rocks from other regions
Permian to Mesoproterozoic sedimentary rocks from the southern margin of the Yangtze Craton have an average Nd model age of 1.8 Ga. A dramatic decrease in Nd model ages occurs in Early Neoproterozoic (900-770 Ma) (Li and McCulloch, 1996) . The average Nd model age is younger than that of the northwestern Yangtze Craton, which suggests that outcrop of 3.3 Ga crustal end-members had been more limited in the south than in northwest at least. The stratohorizons with the lowest Nd model ages and the highest initial Nd isotopic ratios in the southern margin and the northwestern margin of the Yangtze Craton coincide with different orogenic episodes. The southern Yangtze Craton collided with its southern block-Cathaysia Block in Neoproterozoic (1.0-0.8 Ga) (Li, 1998) , which was earlier than the collision episode between the northern Yangtze Craton and southern North China Craton. Therefore, it was orogenic movements that led to the newly formed crustal end-member elevated and denudated widely and that resulted in sedimentary rocks from margin of the craton showing large variation of Nd model ages and initial Nd isotopic ratios for a specific stratum.
The Southern Dabie Orogen was considered as a part of the Yangtze Craton, whose Nd model ages vary between 1.7 and 2.9 Ga (Li et al., 1994) and are in the range of the sedimentary rocks from the northwestern Yangtze Craton. Because the Dabie Orogen is an eastwards prolongation part of the Qinling Orogen, the variation of Nd model ages should also reflect averages of the three crustal end-members.
Because the constant Nd model ages (1.9-2.1 Ga) of Permian to Late Neoproterozoic (Sinian) sedimentary rocks from Tongling near the Yangtze River in intra-Yangtze Craton indicate that they were not mixed results but from very stable block (Chen et al., 1989) , ca. 2.0 Ga crustal end-member should be a major constituent part for the basement of the Yangtze Craton.
On the basis of stable Sm-Nd model ages in the intra-Yangtze Craton and dramatic variation of Sm-Nd model ages and initial Nd isotopic compositions around the margin of the Yangtze Craton from south to northeast and northwest, we conclude that 1.0 Ga crustal growth episode took place in the circum-Yangtze Craton. (Li and McCulloch, 1996) , intra-Yangtze Craton (Chen et al., 1989) , and the Dabie-Sulu (Li et al., 1994) .
CONCLUSION
Sm-Nd isotopic compositions of the sedimentary rocks indicate that there exists the oldest crustal component in the northwestern Yangtze Craton, which formed 3.3 Ga ago at least. The latest growth episode took place around 1.0 Ga ago principally. The averaged Nd model age of sedimentary rocks from the region is 1.9 Ga. Based on geographical distribution of Nd model ages and partly geochronological data, we postulate that 2.0 Ga crustal component is a major constituent part of the Yangtze Craton. The highest ε Nd (t) values and the youngest Nd model ages of Cambrian and Ordovician series indicate that Early Paleozoic was an important stage of tectonic movement in the region, which led to newly formed crustal endmember elevated and denudated widely. The 1.0 Ga crustal growth episode occurred around the margin of the Yangtze Craton.
